Introduction
In the last years, detailed studies of semi-leptonic decays of B mesons have been made possible by the vast samples of B mesons recorded at CLEO and, especially, at the B factories. Also DØ and LHCb have helped, collecting data on B mesons decays into excited D meson states and B s decays. Ultimate precision should be reached by future SuperB and Belle II facilities.
Semi-leptonic decays play a critical role in the analysis of the unitarity triangle. Information about the CKM matrix elements |V cb | and |V ub | is provided by exclusive and inclusive processes driven by b → c(u) lν l [1, 2] . We can compare, as an example, with leptonic decays B + → l + ν. The decay rates depend on the product of the modulus of the |V ub | and of the decay constants f B , therefore the determination of the CKM element requires the theoretical knowledge of f B . In addition, the comparison between experimental and theoretical results presents some hardships. Experimental disadvantages come from the helicity suppression of the leptonic decays and the comparatively high rate of the process B + → l + ν γ. For decays into tauons, these effects appear to be small, while the helicity suppression is mostly broken. Moreover, the existence of a charged Higgs boson (or any other charged object beyond the Standard Model) would easily modify the decay rates. Exclusive semileptonic decays can be called to the rescue by supplying complementing informations. They are not helicity suppressed, still they retain the possibility of theoretical simplification by factorizing the leptonic current. They are tree level dominated and new physics is generally not expected (at least to a high degree of accuracy).
Here we review recent progress in exclusive B → D ( * ) and inclusive B → X u semileptonic B decays.
Exclusive B → D ( * ) decays
The differential ratios for the semileptonic decaysB → D lν andB → D * lν depend on several unknown form factors, that are constrained and reduced in the heavy quark limit. Neglecting the charged lepton and neutrino masses, we can write
Here F (ω) and G (ω) are the form factors in the heavy quark limit, χ(ω) is a known phase space factor and
is the product of the heavy quark velocities
. Let us observe that outside the heavy quark limit F (ω) contains a combination of three form factors (one vector and two axial vectors) related to the three D * helicity states. In the B rest frame, ω corresponds to the energy of D ( * ) normalized by its mass, that is to ω = E D ( * ) /m D ( * ) . The values of ω are constrained by kinematics: ω ≥ 1, with largest value ω ≃ 1.5. At the nonrecoil point, ω = 1, heavy quark symmetries play a useful role in setting the normalization F (1) = G (1); this point, however, is not directly accessible experimentally due to the kinematic suppression in Eqs. (2.1). The main theoretical problem is the non-perturbative evaluation of the form factors. By exploiting Eqs. (2.1), the product |V cb |× form factor can be extracted by experimental fits to the differential decays rates.
At present theB → D * lν decay is measured with a better accuracy than theB → D lν decay, therefore the exclusive determination of |V cb | relies on the theoretical non-perturbative results for the form factor F . The most recent the Heavy Flavor Averaging Group (HFAG) experimental fit [3] gives
The only unquenched result available [4, 5] gives
including the enhancement factor 1.007, due to the electroweak corrections to the four-fermion operator mediating the semileptonic decay. By taking Eqs. (2.2) and (2.3), the latest value of |V cb | reads [3] |V cb | = (39.54 ± 0.50 exp ± 0.74 th ) × 10
where the errors come from experiment and QCD lattice calculations, respectively. The F (1) form factor has also been calculated recently using zero recoil sum rules. The quoted value [6, 7] , including full α s and up to 1/m 2 5 , is
By using the same Eq. (2.2) in combination with Eq. (2.5), one obtains
an higher value, in average and in theoretical error, than the one given by the lattice calculation. Let us compare the previous determinations with the |V cb | value extracted fromB → D lν decays. The most recent unquenched calculation dates back to 2005 [8] and gives, after correcting by the usual factor of 1.007
which, using the latest HFAG average [3] , that includes older Aleph, CLEO and Belle measurements, as well as the new 2008-2009 BaBar data, becomes
The resulting estimate is
in good agreement with the lattice determination fromB → D * lν Eq. (2.4). However, the experimental error is more than twice larger. An alternative lattice determination, currently available only in the quenched approximation, consists in calculating the form factor normalization directly at values ω > 1, avoiding the large extrapolation to ω = 1 and thus reducing the model dependence [9, 10] . This approach, by using 2009 BaBar data [11] , gives a slightly higher value than the lattice result (2.9), that is
The errors are statistical, systematic and due to the theoretical uncertainty in the form factor G , respectively. The most recent non lattice calculation combines the heavy quark expansion with a "BPS" expansion [12] giving in this limit
With such estimate one finds [13] |V cb | = (40.7 ± 1.5 exp ± 0.8 th ) × 10
in agreement, within the errors, with both lattice determinations (2.9) and (2.10). Until a few years ago, only decays when the final lepton was an electron or a muon had been observed. When the lepton mass is different from zero, the relations (2.1) do not hold anymore, and experimental measurements of B → D ( * ) τν decays are no more sensitive to one form factor only, even in the heavy quark limit. It has been recently observed that B leptonic and semileptonic decays with a τ in the final state exhibit a tension of order 2 ∼ 3σ between experimental and theoretical results. Branching fraction measurements of B − → τ −ν τ decay differ from the theoretical predictions based on the standard model fits, and the value of will be confirmed, they might point to new physics effects in semitauonic B decays. It has been excluded that the excess in Eqs. (2.13) over the SM can be explained within type II two Higgs doublet model [14] and in the context of the MSSM with MFV [18] . Instead, it is deemed possible in other SM extensions, e.g. in type III [19] and Aligned [20] two Higgs doublet models, by adopting effective Lagrangians [21, 22, 23] , and so on.
Inclusive b → u decays
In inclusive B → X q lν decays, we sum over all possible final states X q , no matter if singleparticle or multi-particle states. Since inclusive decays do not depend on the details of final state, quark-hadron duality is generally assumed. In most of the phase space, long and short distance dynamics are factorized by means of the heavy quark expansion. However, the phase space region includes a region of singularity, also called endpoint or threshold region, plagued by the presence of large double (Sudakov-like) perturbative logarithms at all orders in the strong coupling 1 . For b → c semileptonic decays, the effect of the small region of singularity is not very important; in addition, corrections are not expected as singular as in the b → u case, being cut-off by the charm mass.
The analysis of inclusive charmless semileptonic decays is currently employed to determine the CKM parameter |V ub |, which plays a crucial role in the study of the unitarity constraints and related questions. In principle, the method of extraction of |V ub | from inclusiveB → X u lν l decays follows in the footsteps of the |V cb | determination fromB → X c lν l , that employs the OPE expansion in the systematic framework provided by the heavy quark effective theory. However, inB → X u lν l decays, the copious background from theB → X c lν l process, which has a rate about 50 times higher, stands in the way, and the experimental sensitivity is higher in restricted regions of phase space, where such background is highly suppressed by kinematics. They include the threshold region, where the previous approch fails, and new theoretical issues need to be addressed. A lot of effort has been devoted to enlarge the experimental range, so to reduce on the whole the weight of the endpoint region. Latest results by Belle [30] access about the 90% of theB → X u lν l phase space, claiming an overall uncertainty of 7% on |V ub |. A similar portion of the phase space is covered also by the more recent BaBar analysis [31] . On the theoretical side several approaches have been devised to analyze data in the threshold region, with differences in treatment of perturbative corrections and the parameterization of nonperturbative effects.
Experimental results are provided by CLEO, BaBar and Belle; the B factories have provided the largest and more recent amount of data. The average values for |V ub | can be extracted from the partial branching fractions, adopting a specific theoretical framework and taking into account correlations among the various measurements and theoretical uncertainties. The averaging procedure has been developed by HFAG [3] , that has also checked the consistency among inputs of the different theoretical frameworks. In Table 1 we list the HFAG averages, that are determined by comparing the measured partial branching fractions in selected regions of phase-space to theoretical calculations of the corresponding rates. We have listed all the QCD theoretical calculations that take into account the whole set of experimental results, or most of it, starting from 2002 CLEO data [32] . Very roughly speaking, the BLNP approach by Bosch, Lange, Neubert, and Paz [33] and the GGOU one by Gambino, Giordano, Ossola and Uraltsev [34] differ in their treatment of Sudakov double logarithms resumming and subleading shape function modeling. The DGE, the dressed gluon exponentiation, by Andersen and Gardi [35, 36] and the ADFR approach, by Aglietti, Di Lodovico, Ferrara, and Ricciardi, [37, 38, 39] start analyzing the singularities of the perturbative expansion in moment space; in the ADFR approach, an effective running coupling is introduced to help estimating nonperturbative corrections. The results listed in Table 1 are consistent within the errors, but the theoretical uncertainty among determinations can reach 10%. Other solutions have been proposed in [40, 41, 42] .
Notwithstanding all the experimental and theoretical efforts, the values of |V ub | extracted from 1 for theoretical aspects of threshold resummation in B decays see e.g. [24, 25, 26, 27, 28, 29] .
Theory
|V inclusive decays maintain about two σ above the values given by exclusive determinations. The most recent BaBar estimate from exclusive decays yields |V ub | = (3.25 ± 0.31) × 10 −3 [43] and it is determined from the simultaneous fit to the experimental data and the lattice theoretical predictions. It is compatible with the Belle result [44] of |V ub | = (3.43 ± 0.33) × 10 −3 . Also indirect fits prefer a lower value of |V ub |, such as |V ub | = (3.62 ± 0.14) × 10 −3 by the UTfit Collaboration [45] .
